In the perinatal submandibular gland, the secretion granules of Type I cells contain protein C (89 1w) and those of Type III cells have Bl-immunoreactive proteins .
In this report we used immunocytochemistry at the light and electron microscopic levels to describe the developmental distribution and localization of protein D (175 tw), which is secreted by both Type land Type ifi cells. At its first appearance in Type I cells at 18 days and in Type ifi cells at 19 days post conception, protein D immunoreactivity (D-IR)
is associated with secretion granule membranes; this is more pronounced in Type I than in Type In cells. In early postnatal
Introduction
The submandibular gland (SMG) of the neonatal rat has two major types ofsecretory cells. Type I cells produce protein C (89 KD), which is secreted on cholinergic stimulation, and Type III cells produce the Bi-immunoreactive proteins (Bi-IP), which are secreted on 3-adrenergic stimulation (Ball et al., 1988a,b; Bali and Redman, 1984) . Initial studies showed that secretion of another protein (protein D, 175 KD) was stimulated by both types of agonists (Bail and Redman, 1984 
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Rat salivary glands; Immunocytochemistry; Secreted perinatal membrane protein. (Bali and Redman, 1984) . Such is the case for the pancreatic GP-2 protein, which is membrane localized initially, but later is found in the interior of zymogen granules (Geuze et al. , 1981) . 1984) . At older stages (45 days and 3 months; Figure   1 ), the reactive band was hard to detect owing to the low concen-tration of protein D present in the gland (Sec Figure  2B ). Figure   1 Here, thin sections were reacted with anti-D IgG and protein A-gold. Figure 2A shows Distribution of the gold particles over the granules is predominantly peripheral, apparently associated with the granule membranes.
In some granules in which the plane of section is located near the edge ofthe granule, the gold partides appear to form a broad band (arrowhead in B) or a more centrally placed ring (arrow in B), indicating the location of the exposed membrane at the surface of the section. Note that at 20 days the membrane association of protein D label is less pronounced in Type Ill (C) than in Type I (B) cells. Bars = 0.5 sm.
ure 2B a Type I cell at 20 days post conception has granules with strong membrane labeling, and Figure 2C shows a Type III cell with gold label near the granule membranes. This indicates that protein D is membrane associated at, or very soon after, the initial appearance of secretion granules in both neonatal cell types. The membrane association of protein D was more striking in the Type I than in the Type III cells; in the latter, a greater proportion of gold particles was seen throughout the content (compare Figures  2B and 2C ).
Postnatal
Glands.
Our initial studies focused on the 5-day-old gland; at this time the differentiation ofType I and III cells is compicte and the gland has begun its major transformation to a pre- Figure  3A is an immunofluorescent preparation of 5-day-old SMG; anti-D reactivity is seen in all cells of the acini. Cells of a duct arc unlabeled, but fluorescence is seen in the lumen.
In an electron microscopic preparation ( Figure  4A) , gold label is seen in both Type I and Type III cells, where it is associated with the membranes of secretion granules. Label also is present in the content, more so in Type III than Type I cells ( Figure  4B ). In the 5MG, reactivity is localized to the apical regions of the perinatal acinar cells at 5 days (A) and in the lumen of a duct (arrowhead), but in the adult (B) strong reactivity is seen only in a few intercalated duct cells. In the SLG, both the serous demilune cells and the mucous acinar cells are reactive in both the 5-day (C) and adult (D) glands. In the 5-day parotid (E), only occasional mucous cells react, whereas in the adult (E) the intercalated ducts show a weak reaction. Bars = 20 tm. (B) A type III cell is doubly labeled for protein D (large gold) and protein BI (small gold). Note that the BI label is distributed throughout the granule content, whereas protein D label tends to be membrane associated; again, the membrane association in Type Ill cells is less striking than in Type I cells. Bars = 0.5 m.
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.,!: .. in which one cell is distinctly labeled, with most ofthe gold partides being membrane-associated ( Figure  7 ). Small, apicaily localized structures show label in the moderately electron-dense content; it is difficult to tell whether these are small secretory granules or lysosomes. An adjacent intercalated duct ccii with many granules is unlabeled.
Protein D Immunoreactivity in Neonatal and
Adult Sublingual and Parotid Glands Sublingual Gland.
In the 5-day SLG, immunofluorescent preparations showed strong labeling in mucous acinar cells; serous demilune cells also were labeled ( Figure  3C ). At the electron microscopic level, gold label was seen in the content of secretion granules in the acinar cells and was present at the periphery of the granules in serous demilune cells ( Figure  8 ). The adult gland showed the same labeling pattern as at S days. Immunofluorescent labeling was seen over both acinar and demilunc cells ( Figure  3D ). Ultrastructurally, gold particles were associated with the granule membranes ofdemilune cells, and were present over the content of acinar mucous granules (not shown).
Neonatal and Adult Parotid Gland. At S days the PRG contains a few scattered mucous cells (Taga and Sesso, 1979) . Like the mucous cells ofthe SMG and SLG, these showed fluorescent labeling in light microscopic preparations ( Figure  3E) , and in immunogold preparations they had label in the content of the mucous granules ( Figure  9 ). In the adult gland, intercalated duct cells were weakly reactive and acinar cells were completely unreactive ( Figure 3F) . At the EM level, few gold particles were seen over either ccii type (not shown). 10 and 11) . In von Ebner's glands, very faint immunofluorescence was seen over the acini and a strong reaction was present over the duct cells ( Figure  bA) . In the lacrimal glands little or no fluorescence was seen in acini and, I . BALL, HAND, MOREIRA Figure 8 . Sublingual gland at 5 days postnatally. Secretion granules in a serous demilune cell (DL) show membrane-associated protein D label. Two small dense structures with labeled content are seen (arrows). It is not clear whether these are secondary lysosomes or tangential sections through the periphery of secretion granules.
Distribution ofProtein D in Other Organs
A lower level of reactivity is seen in the content of secretion granules in an adjacent mucous acinar cell (M). Nonspecific gold binding over the nucleus is very low. Bar = 0.5 xm.
again, duct cells reacted strongly ( Figure  lOB) . In tracheal glands, strong fluorescent labeling was seen over both acini and ducts (Figure bC) . The electron microscopic immunogoid procedure showed, in all three cases, that gold label was found throughout the content ofsecretion granules rather than in association with the membranes ( Figures  11A-11C ).
Discussion

Distribution and Localization ofProtein D During Development
Our data show that protein D is found in both Type I and Type III cells, where it is primarily associated with the granule mem-
branes.
This membrane association is evident at the first appearance ofsecretion granules in the prenatal gland (18 days post conception), and is more marked in the Type I than in the Type III cells. We have previously shown that Type III cells differentiate directly into seromucous acinar cells (Moreira et al., 1990 (Moreira et al., ,1991 . As this occurs, there is a progressive redistribution of protein D reactivity from the membranes to the content, and from 20 days (see Figure 6 ) through adulthood (not shown) low levels of protein D immunoreactivity arc seen entirely in the content. Scattered cells in the intercalated ducts, however, retain higher levels of immunoreactivity, and here some protein D labeling is associated with the membranes of secretion granules ( Figure  7) . The continuity of this labeling pattern for protein D and the maintenance of protein C immunoreactivity between neonatal Type I cells and adult ID cells (Ball et al., 1988b) suggest that the Type I cells are incorporated into adult ID.
Other cells in the ID lack protein D labeling (see Figures  3D  and 7) . Our previous data have shown that antibodies to the Bi-IP and protein C also label cells of the intercalated ducts, and that these two immunorcactivities are found in separate and distinct cells (Bali et al., 1988a,b 
Organ Distribution ofProtein D Immunoreactivity
In our previous report we had suggested that protein D might have a general function in the secretion process and, on the basis of this On ciectrophoretic immunobiots, only one significant band was seen at ages between birth and 30 days postpartum, at the same apparent Mr of 175 KD (see Figure  1 ). Although the failure to detect this band at older ages precludes a definitive conclusion con- et al., 1975a,b; Amsterdam et al., 1971) or to be artifactually adsorbed to membranes during their isolation (Robinovitch et al., 1975 (Robinovitch et al., ,1980 In the pancreas, the major giycoprotein of the zymogen granule membrane (GP-2) is present in the granule content and is secreted in pancreatic juice (Havinga et al., 1985; Geuze et al., 1981) . Similarly to protein D, GP-2 is also found in lysosomes. Significant differences exist between the two proteins, however.
The 
